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@ Test Mtfor ABO transfusion compatabUity. 

@ Apparatus for bedside use for eliminating fatal cross- 
matching transfusion errors. The preferred embodiment 
provides a housing having antisera reactive with the anti* 
gens present on the surface of the erythrocytes of the donor 
blood. The preferred housing has removably mounted 
therein a lancet for obtaining the patient's blood as well as a 
porous plastic member provided for blood pick up and 
serving as a reaction support vehicia The objective determi- 
nation of the presence or virtual absence of red color in an 
observation area of the porous plastic member permits fectle 
determination of a go/no go transhision situation. 
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TEST KIT FOR ABO TRAl^SFOSION COMPATADILITY 
Field of the Invention 

This invention relates to the field of blood banking in 
general and specifically » relates to patient bedside 
apparatus* designed to virtually eliminate lethal tranfu- 
sion errors. 

Background of the Invention 

Tranfusions of life giving blood in the hospital have 
become so numerous as to be commonplace. For instance, 
during 1978 it has been estimated that approximately 9.4 
million units of blood were transfused. See Transfusion- 
Associated Fatalities: Review of Bureau of' Biologies 
Reports 1976-1978, Transfusion, Vol.. 20, No. 6, p. 653-661 
(Nov.-Dec. 1980). During a concurrent three year period, 
however I, 64 transfusion-associated fatalities were docu- 
mented providing an estimated mortality rate of approxi- 
mately 1 per 422,000 units transfused. Deaths were held 
primarily attributable to hemolytic transfusion reactions 
wherein the recipient's antisera reacted with antigenic 
determinants present on the surface of the red blood cells 
of the donor unit. These antigenic determinants are the 
same ones that commonly identify blood types such as A, B^ 
AB, or O. The latter group, or universal donor group, is 
unique in that it does not have either A or B antigens 
associated with the red blood cells. In contrast, a 
type A person is one who has A type antigens on the 
surface of red blood cells. Such a person must therefore 
lack anti-A sera in his blood stream but can be expected 
to have anti-B sera. As a result, the A- type person can 
only receive blood cells which do not have B antigens 
present thereon. It follows therefore that an A type 
person may safely receive either A or O type blood. 
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Should the A type person be provided with B type' blood or 
AB type blood, either of which contain B antigens on the 
surface of the red blood cells, such cells can be expected 
to react with the anti-B sera present in the A type 
individual's blood stream. This reaction, the so-called a 
hemolytic transfusion reaction, is of such a serious 
nature that it may be lethal if the volume of transfused 
blood is large enough. The same situation similarly holds 
for B and AB blood type individuals. It is thus clear 
that compatibility between A, B, AB and O type (ABO type) 
individuals is of extreme importance. 

Transfusion-related deaths due to ABO incompat ability have 
typically been associated with either errors in clinical 
laboratory procedures identifying the unit of blood or, 
more commonly with clerical errors in the labelling of the 
patient and very occasionally of the donor bags. Perhaps 
most common are the errors generated in the hospital 
environment due to patient reXocatipns or patient .mis iden- 
tifica-tions all of which are difficult to controls See 
for instance the article by Schmidt et al. entitled 
"Sources of Error in a Hospital Blood Bank**, Transfusion, 
Vol. 3:198-201 (1963). For a more rigorous treatment of. 
the symptoms of hemolytic transfusion errors refer to 
Pineda et al., "Hemolytic Transfusion Reaction", Mayo 
Clin. Proc. 53:378-390, 1978. The manner in which 
■ identification errors can occur from the time of admission 
to transfusion of the patient has also been reviewed by 
Guy, L. R., "Transfusion Patient Identification and 
Related Problems", Laboratory Medicine, Vol. 12, 
No. 9:542-545 (September, 1981). 

Clearly^/ -if such lethal errors due to the mismatching of 
donor typer>vith recipient type are to be avoided, some 
•last minute', fail-safe method must be instituted* which 
is economical and easily performed. Conventional 
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approaches to lethal error avoidance have employed two 
types o£ methods. The first approach is directed towards 
th€! development of a computer system capable of reducing 
clerical discrepancies such as the system described by 
Grindon and Liles in Transfusioni Vol« 21, No. 21199-202 
(March-Aprili 1981) in an article entitled "Center Error 
Reduction by Becheck of Blood lype". A computer oriented 
system is, however » highly susceptible to input errors by 
typists and other data key-in related problems. The 
computer approach is further disadvantageous as well as 
just generally being unwieldy and nonconducive to rapid 
employment. 

Another generic approach has arplqyed a fUll typirtg system for exaqple 
tbhe IDEMPITESa?(available from Ortho Diagnostics G.m.b.H.* 
Germany). IDENTITEST" is a slide/cell test performed on 
both the donor and the recipient in accordance with Geman 
statutory requirements. This bedside test essentially 
duplicfates the previously performed, laboratory typing 
procedures conducted on both the donor blood as well as 
that of the patient. The test disadvantageously r.equires 
multiple reagent bottles including anti-A, anti-B, anti- 
AB, and anti-D as well as a paper slide for providing a 
permanent record. A similar test has been developed by 
the Nordisk Insulinlaboratorrura , from Denmark and is 
called the Eldon Card. The Eldon Card, although also a 
paper slide test, relies on the whole blood sample to 
dissolve antibodies previously dried on the paper slide. 
Consequently, the end point strength of the anti-sera 
reactions is weak and requires experienced subjective 
analysis. 

It is an object of the present invention to obviate the 
need to do a full typing regimen and to provide a test 
capable of objective analysis whereby only those errors 
which would result in fatalities are eliminated. 
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still another technique has been described by Anderson in 
an article entitled "Analytical Techniques for Cell Frac- 
tions, Use of Cellulose Wicks to Monitor Agglutination 
Reactions'*, Analytical Biochemistry, 38, 175-189 (1970). 
5 Anderson described a method of ABO typing wherein Whatman 
paper wicks were inserted into plastic wells having mixed 
therein the blood sample and typing serum. The wells were 
previously rocked at roOTi temperature prior to the addi- 
tion of the paper wick. Strong agglutination reactions in 
. 10. the Anderson system result in limited movement of the red 
blood cells whereas nonagglutinated systems permit rela- 
tively unhindered movement. Anderson's system, however, 
suffers from the relative difficulty of controlling paper- 
wick porosity. Consequently, fluid movement, especially 
15 critical in weakly reactive blood types such as the AB 
subgroups can easily go undetected and undiagnosed. 
Additionally, the Anderson system is difficult to employ 
at the bedside environment where it is roosj: needed. This 
weaknesrs, coupled with the often subjective evaluation 
20 required, sever ly limits its usefulness. 

It is an object of the present invention to provide an ABO 
compatability test system which, although relying on 
capillarity as the Anderson system, is simpler to use in 

25 that the reactions are objectively clear and provide a go/ 
no go determination. It is a further object of the 
present invention to provide a test kit which relies on 
the relatively high degree of accuracy of blood unit 
indentif ication and tests instead, the recipient's 

30 compatability with the blood unit rather than performing a 
full blood typing procedure. 

Summary of the Invention 

35 In accordance with the principles and objects of the 
present invention, there are provided bedside kits for 
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testing the ABO compatability of a transfusion recipient 
to a labelled blood unit. The kit, in its most preferred 
eiribbdiment , comprises a housing which is attachable to the 
blood unit bag, which housing has incorporated therein a 
5 disposable lancet for obtaining a sriall blood sample from 
the recipient. Also incorporated in the housing is a 
sealed well of preferably sterile antisera of the type 
reactive with the blood of the donor bag. The well is 
ideally unsealed only a moment just prior to use. The 

10 housing lastly incorporates a porous plastic member, pre- - 
ferably mounted within a holder for easy manipulation, all 
of which may be removed from the housing. The plastic 
member is dimensioned appropriately to, by capillary 
action, pick up a specified quantity of the recipient's 

15 blood. The 'plastic member is then dipped into the well 
containing the antisera so that the antisera is also 
•wicked* into the same physical location as the 
recipient's blood. If the patient has been properly iden- 
tified (and the donor type is correct as assumed)*, the 

20 antisera will agglutinate the recipient's blood thereby 
prohibiting its further upward movement in the porous 
plastic member by capillary action. The preferred 
embodiment of the antisera reagent will have additionally 
incorporated therein a dye which remains free to migrate 

25 by capillary action in the agglutinated case to become 

visible. Should there be an incorrect identification of 
the patient, and a resulting absence of agglutination, 
such dye will be masked by the presence of red cells 
which, by their nonagglutinated nature, are also capable 

30 of movement by capillary action. This presence of red 
cells, seen as a red color at or near the top of ttie 
plastic member, serves as an indication to stop the 
transfusion and correct the source of error. If the dye 
within the anti-sera is, for instance, of a green color, 

35 then clearly an objective red-no-go/green-go criteria is 

established whereby the safety of the transfused recipient 
is ensured. 
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Brief Description of the Drawings 

Figure 1 is a side view of the porous plastic laeiaber; 

5 Figure 2 is a side view of one embodiment of the testing 
kit employing the porous plastic member of Figure 1; 

Figure 3 is a side view of the embodiment of Figure 2 as 
it appears following use; 

10 

Figure 4 is a perspective view of an alternative 
embodiment of the bedside kit; 

Figure 5 is a perspective view of the porous plastic 
15 member and well of the Figure 4 embodiment; 

Figure 6 is a perspective view of the Figure 4 embodiment 
following use; 

20 Figure 7 is a perspective view of the preferred 
embodiment; 

Figure 8 is a perspective view of an inteinnediate step in 
use o£ the preferred embodiment of Figure 7; 

25 

Figure 9 is a perspective view of the pj-eferred embodiment 
of Figure 7 following use; 

Figure 10 is a perspective "see- through* view of another 
30 alternative embodiment prior to use; 

Figure 11 is a perspective view of the embodiment of * 
Figure 10 following use; and 

35 Figure 12 is a perspective view of yet another alternative 
embodiment. 
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Detailed Description of the Drawings and Preferred BrtxxHjnent 

According to the principles of the present Invaition, all of 
the embodiments, inclt^ding ttie preferred errbodlinents, reily oa 
the presuiptiai tiiat the donor blood bag containing tJie blood to 
be transfused to ttie recipient has been correctly labelled. 
Studies referred to earlier have demGnstrated tiiis assunptLon 
to be statistically valid. Further, the present invention is 
grounded vgpon tiie test logic that In order to avoid letiial errors, 
it need cxily be shown that the recipient patient's cells have 
the same antigens as tdiose of the cells in tiie donor bag. Tt)B 
fact that tiie patient^s cells mgy have additional antigens for 
instance in the case of an AB type patient receiving A type blood 
is, for the purposes of avoiding letiial errora, relatively 
unlnportant. Since spprajdmately 45?6 of the human population 
is of type A and 10% is of type B, only 1 test becomes necessary 
spproxlmately 55% of the time, ' Approximately 45J6 of the human 
populaticn is type 0 and therefore all of these persons are 
universal donors and no test is required since hemolytic trans- 
fusion type lethal errors do not occur vd.t3i donative blood of 
this type. Consequently, it is only v*ien ttie donor blood is of 
type AB vdll a need arise to test the patient for the presOTce 
of both A and B antigens on the patient's blood cells. (My 
in this very limited circumstance will two tests be required, 
however, for the most part, :.this burden will be tenpered fcy the 
fact that many hospitals preferentially avoid transfusing blood 
type AB into recipients in an effort to avoid these associated 
* problems. 

Accordingly, the testing logic underlining the present 
invaition will be readily apparent txxm examination of Tdble I. 
The porous plastic member is "read" ,• to determine whether or not 
to ccHitinue with a reacticxi, at some point distal to the pick up 
point in orcter to permit clear and objective discrimination 
between the agglutination and ncMiaggulticxTation. As will become 
apparent, various ©ribodlments of the present invention provide for 
housings totally enclosing the porous plastic member except for 
appropriately spaced windows in order to view and objectively 
determine vAiether transfusion is to continue. 
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The porous plastic member is preferably molded from poly- 
ethylene in a shape such as that shown in Figure 1. 
Generally r the porous plastic member is elongated to 
permit capillary action to discriminate between aggluti- 
5 nated cells in reaction area 2 obtained from pick up point 
1 to pernit fluid travel generally to observation area 3. 
Cells that agglutinate can be expected to be trapped 
within the porous structure in reaction area 2 and along 
the way to observation area 3 so that only the blood serum 
10 and antisera diluent arrive in the observation area 3. As 
noted in Table I, if the antisera is adjusted to contain a 
color dye, this dye will be visible in observation area 3 
in the cases of agglutination. In cases of nonagglutina* 
tion, the red blood cells will travel to observation area 
15 3 and be clearly visible as a distinct red color. In 

order to permit the movement of nonagglutinated cells and 
prevent movement of agglutinated cells, it has been found 
preferable to employ a porous plastic member having an 
average pore size of between 10 and 25 microns.* * This pore 
.20 size is in reality, an "effective pore size" since the 

porous plastic is actually a matrix type structure and the 
term "pore" is somewhat misleading. Pore sizes signifi- 
cantly in excess of 50 microns have been tested and found 
insufficiently small to adequately inhibit ttie movement of 
agglutinated cells. 

Further, it has been preferable to employ polyethylene 
porous plastic members that are additionally treated 
chemically to make the pore-channel surfaces hydrophilic 

30 in order to improve capillary action. Ideally, the porous 
plastic member is also treated with polyvinylpyrrolidone 
(PVP) in order to decrease the pick up rate of blood from 
the finger and thereby improve the agglutination reaction 
by either providing more reaction tine due to decreased 

35 travel rates or by direct chemical enhancement. The PVP 
concentrations found preferable are in the range of 
approximately 0.5% to 3%. Pick up portion 1 of the porous 
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plastic member A is ideally pointed to facilitate absorp- 
tion of the patient's blood from a fingertip prick. It 
has been found preferable to dimension the tip area 2 to 
hold from 7 to 10 microliters of blood. Further, tip 
section 1 is preferably conically shaped to ensure a maxi- 
mum surface area for the antisera to enter the tip and 
react with the patient's blood. Thus, by proper selection 
of dimensions and porosity, a porous plastic member 4 can 
be produced which permits the accurate absorption of a 
.specified volume of patient blood for reaction with anti- 
sera and provide a test time of within 30 to 60 seconds* 

With reference to Figure 2, an embodiment utilizing the 
porous plastic member 4 of Figure 1 is shown. The porous 
member 4 is held within a holder means 21 having locking 
tabs 22 for engagement within section 23 of chamber "hous- 
ing 26. The chamber housing 26 further incorporates a 
well of antisera 25 containing the appropriate antisera in 
accordance with the donor bag blood type. Housing 26 
may be further provided with a removable or puncturable 
cover 24 for maintaining the antisera within the housing, 
preferably in a sterile condition. The member holder 21 
may be removably attached to housing 26 through a 
breakaway tab 27 in order to facilitate storage. In use, 
the member holder 21 is broken away from the housing 26, 
and the tip section 1 of porous member 4 is applied to a 
drop of the patient's blood until tip portion 2 is filled 
with blood- At that point, the cover 24 is removed or 
punctured by the tip as tip section 2 is inserted into 
antisera bath 25 until locking tabs 22 engage locking area 
23. Following an appropriate time, observation area 3 is 
observed for purposes of detecting whether agglutination 
has occurred (absence of red, a go ahead condition) or 
whether there has been no agglutination (presence of red, 
a stop condition). A preferred embodiment will incorpor- 
ate a mask covering the portion between observation area 3 
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and tip section 2 in order to prevent premature observa- 
tion and to allow sufficient time for the antisera to 
react and the fluid front to enter observation area 3. 
Figure 3 shows the relative relationship of the holder 21 
5 to housing 26 following insertion as well as a mask 31 for 
preventing premature reading. 

An alternative embodiment of the present invention is 
depicted in Figures 4, 5 and 6. This embodiment includes 

10 a lancet 46 having a breakaway portion 46a for exposing a 
sharpened sterile pin useful for obtaining the patient's 
blood in accordance with well-known techniques. This 
lancet is typically designed to be disposable and one such 
lancet is available frcwn MONOJECT, Division of Sherwood 

15 Medical, St. Louis, Montana 63103. Although the presence 
of a lancet is an optional feature of the present inven- 
tion, the preferred embodiment of the test kit will incor- 
porate the lancet in order to promote efficiency and ease 
of the^test. The lancet 46 may be removably held, in hous- 

20 ing 50 in a convenient location. Similarly, the porous 
plastic member 4 is held within member holder 21 also 
removably mounted on housing 50 in a convenient location. 
Such a mounting may, for instance, be a snap fit or may be 
held in a cradle by a removable stick on label 41. Sec- 

25 tion 47 of housing 50 is preferably removable and contains 
well 45 for the antisera. 

Figure 5 demonstrates its removal and the insertion of the 
porous plastic member. Insertion will preferably be 

3& accomplished with a snap fit in order to prevent excess 
free parts following the test and thereafter, the entire 
porous member, hold er, chamber assembly 4# 21, 47 respec- 
tively may be remounted on housing 50 so that chamber 
housing section 47 is inserted into slot 51 as shown in 

35 Figure 6. Observation area on the porous member 4 may be 
either delimitated on the housing 50 or alternately. 
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holder 21 may be masked appropriately* Housing 50 will 
preferentially include a fastening means such as tie 48 
for. insertion through slot 49 to aid in attachment of the 
test kit to the donor bag. 

5 

An alternative and most preferred embodiment is depicted 
in Figures 7, 8 and 9 showing various views and steps in 
the test kit employment. With reference to Figure 1, 
there is shown a housing 61 having a door 62 as well as 

10 hingable portion 63 containing antisera well 45. The 

housing 61 has removably mounted therein lancet 46 as well 
as porous member 4 held in holder means 21 ♦ The lancet 46 
and porous member/holder 4,21 may be removably mounted by 
snap fitting support arms 64 as shown in Figure 8. Also 

15 shown in Figure 8 is tie strap 65 for engagement with 
holding means 66 to preferentially permit nonremovable 
attachment to the blood donor bag. Figure 8 also shows • 
the intermediate step following insertion of the porous 
member -tip section 2 into chamber 45 and the swinging of 

20 section 63 along hinge 68 to permit remounting of the 

holder within housing 61 along support arm 64. Figure 9 
illustrates the subequent closure of cover 62 with window 
ports 67 permitting observation of agglutination or 
nonagglutination reactions. Ideally, cover 62 will 

25 include identification means 66 indicating the antisera 
ptesent within well 45 as well 'as the type of donor bag 
'with which the test kit is intended to be employed. 

Figures 10 and 11 illustrate an alternative enbodiment 
30 showing case 103 having peel off label 100 to expose and 
permit removal of lancet 46 as well as porous plastic 
member holder 21 for use. Subsequently, removable label 
101 is peeled off after inverting the case 103 as shown in 
Figure 11 to permit insertion of the porpous plastic mem- 
35 ber tip section into well 45. Observation for the pre- 
sence or absence of agglutination takes place in observa- 
tion area 3« 
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still another alternative enbodinient is shown in 
Figure 12. Porous plastic member 4 is held within housing 
123. and covered prior to test with hanger cap 120. The 
hanger cap 120 is unscrewed prior to test, lancet 46 is 
removed from holding arms 124, and section 2 is applied to 
the recipient's blood as obtained by lancet 46. Cap 122 
containing the serum well is unscrewed from housing 123 
and the section 2 is inserted therein as cap 122 is 
screwed onto end 126. Housing 123 is then fastened at end 
127 to the hanger cap and the entire device attached to 
the blood donor bag by tie 121. Presence or absence of 
agglutination is viewed through observation port 125. 

It will be readily apparent, frOTi the descriptions 
provided above as well as the embodiments illustrated, to 
one skilled in the art that numerous alternatives are 
possible, particularly with respect to the design features 
of the porous plastic member and containing housings, 
without departing from either the spirit or scope of the 
present invention. 
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What is Claimed is: 
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1. • A bedside kit for testing ABO compatabilty of a trans- 
fusion recipient to an A, B, or AB labeled blood unit 
5 comprising: 

a) a housing, having at least one unsealable chamber 
containing an effective concentraticm and volune of antlsera 
reactive vittx the A and/or B antigen containing blood mit; and 



b) a porous plastic member adapted to pick up an m 
effective volune of blood from the transfusion ^ 
recipient by capillary action and further adapted to 
communicate with said antisera in said chamber to 

15 permit reaction of said blood with said antisera with- 

in said member, said porous member further having a 
porosity characteristic which permits capillary move-, 
ment of nonagglutinated red blood cells within said 
porous member but which does not permit significant 

20 movement of agglutinated red blood cells whereby 

agglutination of recipient's cells as determined by 
the substantial absence of red blood cell movement 
serves to indicate blood type incompatibility. 

25 2. The bedside kit as provided in Claim 1 wherein the 
porous member is adapted to pick up approximately 7-10 
microliters of recipient's blood. 



30 
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3. The bedside kit as provided in Claim 1 wherein the 
porous member has an effective porosity in the range of 
approximately 10-50. microns. 

4. The bedside kit as provided in Claim 1 wherein the 
antisera is of sufficient titer to agglutinate AB type red 
blood cells and has a volume of .approximately 50 micro- 
liters within said chamber. 
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5. The bedside kit as provided in Claim 4 wherein the 
antisera further comprises an effective concentration of a 
substantially noninterf ering dye whereby the dye is drawn 
through the member by capillary action and becomes visible 
if there is agglutination but which^ in the absence of 
agglutination, is essentially masked by the presence of 
red blood cells. 

6« The bedside kit as provided in Claim 1 which further 
comprises porous member holder means adapted to permit the 
porous member to cOTimunicate with the recipient's blood 
and the antisera in the chamber, and wherein the housing, 
is adapted to removably engage the member holder means. 

7. The bedside kit as provided in Claim 6 which further 
comprises a lancet removably mounted on said housing for 
obtaining a blood sample from the transfusion recipient. 

8. Th'*e bedside kit as provided in Claim 6 wherein the 
housing is adapted for attachment to the blood unit and is 
further adapted to hold the porous member and porous mem- 
ber holder means for observation of presence or absence of 
agglutination. 

9. The bedside kit as provided in Claim 1 wherein the 
porous plastic member is made of polyethylene. 

10. The bedside kit as provided in Claim 9 wherein the 
porous member is coated with means for reducing hydropho- 
bicity and wherein the porous member is treated with PVP 
in the concentration range of about 0.5%-3% for enhancing 
hemagglutination reactions. 
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11. A kit for testing the ABO coinpatability of a trans- 
fusion recipient to a labeled blood unit comprising 

• ant.isera reactive with said labeled blood unit, a lancet 
for obtaining a blood sample from recipient, a porous 
5 plastic member mounted within member holder means and 

adapted to pick up an effective volume of recipient blood 
by capillary action and further adapted to communicate 
with said antisera and- said member further having an 
effective porosity of approximately 10-50 microns whereby 
10 nonagglutinated red blood cells move within said porous 
member by capillary action but wherein agglutinated red 
blood cells do not undergo significant movement* 

12. A reagent kit for attachment to a unit of donor blood 

to be given a patient comprising means for attaching said kit 
15 to said unit of donor blood, antisera specific for at least 
one antigen present in the donor blood, and means for mixing 
said antisera with a biological sample from said patient 
containing blood type antigens. 
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